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Physiology Team 436 — Respiratory Block Lecture 2

Lecture: If work is intended for initial studying.
| Review: If work is intended for revision.



Objectives

o List the muscles of respiration and describe their roles during
inspiration and expiration.

o Identify and understand the importance of the following pressures in
respiration: atmospheric, alveolar, intrapleural , and transpulmonary.

o Explain why intrapleural pressure is always subatmospheric under
normal conditions, and the significance of the thin layer of the
intrapleural fluid surrounding the lung.

o Define lung compliance and list the determinants of compliance.



ONLY IN MALES’ SLIDES

Muscles That Cause Lung Expansion and Contraction
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Figure 37-1 (&) Contraction and expansion of the thoracic cage during expiration and inspiration...



Elevation of the ribs will

lead to two things:

|. Increasing anteroposterior
diameter of chest cavity. (b)

2. Increasing horizontal
diameter of the chest
cavity. (a)

The chest has three
diameters:

|. Vertical diameter.

2. Transverse diameter.

3. Anteroposterior diameter.
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Respiratory Muscles
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Respiratory Muscles

Respiratory Muscles

» The diaphragm will increase :
the longitudinal diameter. Inspiratory
¢ ' Muscles

Expiratory Muscles

» The external intercostals : (work only during forced expiration-
o I I muscles that depress the rib cage)
will increase the transverse - ,
. . During resting During forced —l—
diameter and pull the ribs inspiration inspiration

outward.

During forced
expiration

» Accessory muscles  will
increase the
anteroposterior  diameter
and elevates the sternum
and clavicle.




Respiratory Muscles

Inspiration and expiration could be either resting or forced.

Resting and forced (deep) inspiration is active. It requires muscle

contraction and consumes energy.

Resting expiration is passive while forced (deep) expiration is active.

(forced expiration - muscles depress the rib cage)

There are no muscles for resting expiration, It is a passive process that

depends on the recoil tendency of the lung.

Recoil tendency: (elastic-like) lung will collapse when left alone without
intervention of outside forces, chest size will be less, but alveoli will not
collapse completely due to little amount of air left behind after

expiration. (Only resting expiration uses NO muscles)

sternocleidomastoid
scalene muscles

Muscles of
forced inhalation

external intercostals

diaphragm

Muscles of
forced exhalation

internal intercostals

abdominal muscles
rectus abdominis
external obliques
internal obliques
transversus abdominis



Deep Forceful Breathing

» Deep (forced) Inspiration or Inhalation:

During deep forceful inhalation accessory muscles of inspiration participate to increase size of
thoracic cavity:

| . Sternocleidomastoid: elevates sternum.
2. Scalenes: elevate first two ribs.

3. Pectoralis minor: elevate 39, 4th and 5% ribs.

» Deep (forced) Expiration:

Expiration during forceful breathing is active process.
Muscles of exhalation increase pressure in abdomen and thorax
|. Abdominal muscles

2. Intercostal muscles:



Pressures in the Lungs

» Ventilation has two steps, the first one is the movement of the air from the atmosphere to the lungs.
» Air moves only from areas of high pressure to areas of low pressure.
» During inspiration, the pressure in the respiratory passages is less than the atmospheric pressure.

» Contraction of inspiratory muscles will increase the volume of the chest which will decrease the
pressure in the respiratory passages.

» There are (respiratory rate) consisting of inhalation then expiration then pause.

» During pause the pressure inside is equal to the pressure outside, meaning there is no movement of
air.

» Inward movement of air will fill the space, which will return the pressure back to the atmospheric
pressure and stop inspiration.

» When inspiration stops, recoil will happen which will decrease the volume, so the pressure will
increase and the air will move outward. We will have expiration.



ONLY IN FEMALES’ SLIDES

Pressures in the Lungs

Atmospheric pressure
For your understanding:
l Paem = 760 mmHg
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Air will flow from a region of high pressure to one of low pressure

“the bigger the difference, the faster the flow”
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PB= atmospheric pressure.

Palv= alveolar pressure.
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Pressure Changes in the Lungs During Breathing u

|- Intra-alveolar (intrapulmonary pressure):

+
Airway

Intra-alveolar pressure is the pressure inside the alveoli (in the respiratory zone). Aol o2 Q <> <>’ ©

molecule

[Paiv = 0 mm Hg| [Pary =—1mm Hgl [Paiv = 0 mm Hg] [Paiy = +1 mm Hg| [Pary = 0 mm Hg|

» Between breaths (end of expiration) = pressure.

= The pressure inside the alveoli between breaths is zero.

Breath volume (L) Intra-alveolar pressure (mm Hg)

o _\
o

» During inspiration = Air (tidal volume) flows from outside to inside the lungs. —

= The pressure becomes - mmHg due to the increase of the volume of lungs (diaphragm contracts). Whlch will cause air
to flow inside.The volume of the air is 500ml and is known as the tidal volume.

» At the end of inspiration = Air flow stops.

= Air flow stops because at this stage the pressure outside is equal to the pressure inside. So there will be no movement
of air.

»  During expiration = Air flows out of the Lungs.

= The pressure becomes +| mmHg due to the decrease of the volume of the lungs (diaphragm relaxes). Which will cause
air to flow outside.

12 *As volume increases=> Pressure decreases (and vice versa).



Pressure Changes in the Lungs During Breathing Cont.

2-Intrapleural pressure (IPP):

Pressure in the pleural space is negative with respect to atmospheric pressure at the end of normal
expiration( )- During the pause.

» cmH20 is less than mmHG. IPP is approximately

» It has absolutely no relation to the atmospheric pressure because the pleural cavity is sealed.

Why is the Intrapleural pressure negative?

= |- The lung's elastic tissue causes it to recoil*, while that of the chest wall causes it to expand. Because
of these two opposing forces, the pressure in the pleural cavity becomes negative.

= 2- The pleural space is a potential space**, empty due to continuous suction of fluids by lymphatic
vessels.

At all times: the chest is trying to inflate and the lung is trying to collapse.

Rib

Innermost intercostal
muscle proper

Parietal pleura

Pleural cavity

:‘\'.\. .
\ N
H”— Visceral pleura
J N W
R N
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Pressure Changes in the Lungs During Breathing Cont.

Malignancies, heart failure, obstruction of lymphatics or inflammation of pleura and production of more pleural
fluid will cause accumulation of pleural fluid (pleural effusion) which is very dangerous and requires immediate

suction of fluid because it erases the negativity. No negativity means no opposing force so the lung will collapse.

Pleural effusion (Inflammation) reduces the negativity and therefore eliminates the effect of opposing forces (as there is no opposing force of
negativity) and the lung collapses. In order to fix this, the fluid must be drained in order to have empty space once again.

A layer of pleura (a very thin membrane) covers the lung (this layer is called visceral pleura) and another layer
covers the inside of the ribs (parietal pleura), these two layers move together to make the movement of the lung

non-painful. Between the two layers there is a very thin lubricant fluid film. The space between the two layers is
called the pleural space (pleural cavity).
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Values of Intrapleural Pressure (IPP)

Intrapleural pressure is

during resting inspiration.

During “Forced ventilation”:

Forced Inspiration :

Forced Expiration :

to

during resting position between breaths, and it becomes more negative
J%a intrapleural pressure 1305451 8 Jay 4 (S g shall e sl eSSl

Chest wall
o=} /




Pressure Changes in the Lungs During Breathing Cont.

3-Transpulmonary Pressure (TPp) (Extending Pressure)

Called Extending pressure : because it is the pressure that keeps the lungs inflated or extended, so the lungs never
collapse.

It is also called recoil pressure: because it is equal to the recoil force of the lungs. So when the pressure = the force,
the recoiling will not happen, so no lung collapse. oliYL L sabas 5 lagalls Led 45 slue

* The difference between the alveolar pressure (Palv) and the pleural pressure(Ppl).

TPp = Palv-Ppl

* It is a measurement of the elastic forces in the lungs that tend to collapse the lungs (the recoil
pressure).

< It prevents lung collapse.
< The bigger the volume of the lung the higher its tendency to recoil.

(vl (il daliue +—— Jilud) baa - (1
i el sedl dalie re— bl ara - (2
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‘ ONLY IN MALES’ SLIDES

Pressure and Volume Relationships in a Single Respiratory Cycle

» A:during rest-: Intrapleural pressure is while the
Intra-alveolar pressure is

» B:during inspiration- the intra-alveolar pressure becomes
, then the air enters the alveoli ,while the Intrapleural
pressure becomes (more negative).

Olde dﬁ-’eﬂk‘*‘d‘ BIPTRRE - FEWEEPR | e;;ai)_ﬁm Oalall Glaald)
(ady intra alveolar pressure & intrapleural pressure 1

» C:at the end of inspiration-: Air flow stops since the Intra-
alveolar pressure= the Atmospheric pressure(").While the
intrapleural pressure becomes (more negative).

» D:during expiration-: the intra-alveolar pressure becomes
then the air exits alveoli into the atmosphere while
the Intrapleural pressure becomes (it
isincreased).

JAJJeJy Loz all @yuybuum;)&mj\e»uam‘ﬁ)nﬁ&\u@\
G2 » intra alveolar pressure & intrapleural pressure 13X glic

Pom =0
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Vo (Compliance of the Lung) in a Single Respiratory Cycle

» Compliance (resilience) of the Lungs (éulolUaoll al,19): ability ~
of lungs to expand under pressure g 0.50-
» E.g. two rubber bands, thin and thick. The thin rubber band -
easily stretched, and is very distensible (stretchable) and S
compliant. The thick rubber band difficult to stretch and is less E o
distensible and less compliant. >
+2-
» Increased TTp = increased lung volume.
0-
» Decreased TTP = decreased lung volume. .
oo
§
:\_\j\.c %LM\ M\ﬁ O S (|ess elastic tissue) MLM\ O 13 eJaldaal) gy 3\.3)3\ ° 4
recoil Sy Jil auhlhaall 416 o S35 (more elastic tissue ) Gl Jlaal) 1S 131 W) 3
Sl s
The greater the amount of elastic tissue, the greater the recoil force and &
the lower the compliance.
BN - ~ubocE 57 9




Cont. Compliance of the Lung

It is defined as the ratio of the change in the lung volume produced per unit change in the distending
pressure (Transpulmonary pressure).

The extent to which the lungs expand for each unit increase in the transpulmonary pressure.

CL (Compliance of Lung) = Volume change (AV)
Transpulmonary pressure change (A P)
CL = (AV)
(AP)
For both lungs in adult = if the lung is free not surrounded by the chest.
For lungs and thorax together = AL () ) dglalae (Y all

Is reduced in pulmonary fibrosis, pulmonary edema, diseases of the chest wall ( kyphosis, scoliosis),
paralysis of respiratory muscles.

Emphysema (COPD chronic obstructive pulmonary disease) increases (increase -> it is an exception) the
compliance of the lungs because it destroys the alveolar septal tissue rich with elastic fibers that
normally opposes lung expansion.

Emphysema is common in chronic smokers (because they are susceptible to infections). After a bacterial
infection, Trypsin ingests the proteins in the wall and breaks down the septa (respiratory membrane) so
they lose elastic fibers and we have less number of alveoli but they are larger in size due to merging of
alveoli when their walls break down.

The alveoli is inflated but less in number, meaning we have less number of alveoli so we will have less
septa (respiratory membrane) so there will be less space for gas exchange.

Adallaal) 4,146 2l 5 ,uldll s3a ¢ 53 ¢(rich in elastic fibers) e oY s8IV danwta¥ A 4 )

19



Notes:

>
4

| -Intra-alveolar

(intrapulmonary Mind Map FORCED :Accessory muscles

pressure). Inspiratory
muscles

BN RESTING : External intercostal +

Respiratory Diaphragm

Pressure pulmonar)’ muscles

2-Intrapleural

PQT;;‘;re lungs during

breathing:

FORCED :Internal

Expiratory intercostalistabdominal
LUNG muscles
muscles

-3 COMPLIANCE

Transpulmo
nary
pressure

(TPp).

CL=(AV)/(AP)

Intraalveolar pressure is measured in cmHg

Intrapleural pressure is measured in cmH2O

» Compliance is measured in ml/cmH20



» https://www.onlineexambuilder.com/mechanics-of-pulmonary-ventilation/exam-127878

Link to Editing File

(Please be sure to check this file frequently for any edits or updates on all of our lectures.)
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